Pathogenic bacteria indicators are used to determine the presence of disease-causing organisms originating from fecal pollution. Indicators such as total coliform (TC), fecal coliform (FC), and fecal streptococcus (FS) are used because of the laborious technique and equally expensive equipment required to isolate pathogenic bacteria and viruses from water.
The use of coliform bacteria as a measure of the fecal contamination of lakes and streams has been in practice for many years. The coliform group, however, includes'a heterogeneous mixture of bacteria, many of which have little in common with each other except the fact that they are always present in the intestinal tract of humans and other warm-blooded animals. Thus the occurrence and densities of the TC group have been useful in assessing the sanitary conditions of water even though it is well known that some bacteria in the group have origins other than fecal material.
More recent developments have shown that the use of FC as an indicator of pollution from warm-blooded animal feces is a more precise bacteriological tool for assessing water quality, and the Illinois Pollution Control Board (10) (IPCB) has adopted rules requiring adherence to certain limitations on bacterial quality in waters of the state measured by the occurrence and density of fecal coliforms.
One of the weaknesses of the FC test is its inability to distinguish between whether or not the contributing sources are human or nonhuman warm-blooded animals. Geldreich and Kenner (2, 4) have reported upon the use of tests for FC correlated with tests for FS as a reliable procedure for differentiating sources of bacterial pollution. Their findings showed that FS densities were significantly higher than FC densities in all warm-blooded animals feces examined except that of humans. The application of these findings, within limits, should be useful in determining the comparative relationship of urban and rural areas as sources of fecal pollution in Illinois waters.
A 2-year water quality study of domly from a minimum of 160/100 ml to a maximum of 13,000,000/100 ml. Both of these extremes occurred at Seville. FC densities ranged from 16/100 ml at London Mills to 160,000/100 ml at Modena, and FS counts reached a minimum of 17/100 ml at Havana and a maximum of 42,000/100 ml at Modena.
The mathematical distribution of the bacterial density data was determined by plotting the data on log probability paper. Figure 2 shows a typical pattern of distribution for the first year's data at two stations. Since a straight line can be drawn with some confidence through each set of plotted points, the data reflect the characteristics of a log-normal distribution with the geometric mean at the 50% quantile. The central tendencies and dispersion of log-normal distributed data can best be expressed in geometric terms, i.e., geometric mean and geometric standard deviation. The slope of the line reflects the variability of the data, and the geometric standard deviation (variability) is larger for the Havana data (Fig. 2) .
The yearly ranges, geometric means, and geometric standard deviations of the bacterial densities observed at each of the sampling sites are summarized in Table 2 generally suggests a higher concentration of organisms in the upper reaches, with lower concentrations in the downstream sectors. However, after applying statistical tests to the data, it was determined that there are no significant differences between the geometric means for the stations at Modena and Elmore, a distance of approximately 31 miles (50 km); similarly, there was no difference between the geometric means at London Mills and Seville, a distance of about 28 miles (45 km). Since it is unlikely that FC and FS experience regrowth in the stream, and considering the fact that the organisms do die off, it is probable that the lack of differences in bacterial densities between the stations is due to bacterial loadings originating from nonpoint rural sources of pollution along the intervening distances between stations.
Monthly geometric means of TC and FS bacteria densities are shown in Fig. 3 and 4, respectively. It is apparent from Fig. 3 and Table 2 that TC densities for the first year of the study were much lower than that for the second year. Stream flows were considerably higher during the second year. There was not a general pattern, suggesting seasonal variations in bacteria densities (TC and FS) at any of the stations sampled. Generally, however, there were decreases in TC densities with downstream movement (Table 2 ).
An exception to this general rule occurred during January through April 1973 (Fig. 3) 1973 were evaluated in terms of this rule using a programmable Wang 720 calculator ( Fig. 5 and 6 ). There were some 30-day periods for which five samples were not available for evaluation. These omissions are indicated on the abscissa of the figures. Also depicted on the figures are the FC limits adopted by the IPCB, i.e., the geometric mean of 200/100 ml that must not be exceeded.
It appears that only during the latter part of October and the month of November 1971 was acceptable bacterial quality achieved at all stations (Fig. 5) . Acceptable bacterial quality, as measured by the geometric mean, occurred at some stations during the period December 1971 through March 1972. Ice cover prevailed during the months of January and February. It is apparent that satisfactory bacterial quality was not achieved at any of the five stations during the 12-month period, June 1972 to May 1973 (Fig. 6) . As mentioned earlier, the bacterial quality observed during the second year of the study was substantially worse than that found for the first year of the study. This is probably due to the above-normal precipitation events resulting in excessive rural and urban runoff during 1972 through 1973, compounded by the necessity to bypass sewage treatment facilities at frequent intervals.
A comparison of the observed FC densities with water quality requirements is summarized in Table 3 . There were periods of compliance with the IPCB rule (Fig. 5) . However, on an overall basis ( Table 4 . The ratios varied considerably, ranging from 0.0001 to 0.567 with a 2-year overall average of 0.095. In other words, 9.5% of the TC consisted of FC. This overall average for the Spoon River is higher than that observed on the Upper Illinois Waterway (7) (8.8%) and lower than that reported for the Ohio River (9) (14.0%). The range of the ratios for the Spoon River was greater than that of the Upper Illinois Waterway (0.002 to 0.38) and the Ohio River (0.004 to 0.45).
The monthly average ratios for each of the five sampling stations are depicted in Fig. 7 . The period of relatively low ratios occurred during January through March 1972 and November 1972 through May 1973. To produce low ratios, either the FC densities must decrease or the TC densities must increase. During the two periods of low ratios, the FC densities did not significantly decrease (Fig. 5 and 6 ). On the other hand, TC densities did increase significantly during these periods (Fig. 3) . It can be concluded that the lower ratios on the Spoon River are due to increasing TC densities rather than decreasing FC densities. Strobel (11) reported that the relationship between FC and TC varied with the sources of pollution, level of sewage treatment, characteristics of the receiving waters, and precipitation on the watershed. Since so many factors may influence the overall value of FC/TC ratios, it would seem unwise to rely on overall average values based upon a year or more of observation. In fact it would be preferable to limit judgment to only those ratio values obtained during stable stream flow conditions. However, on the basis of the results shown in Fig. 7 , the monthly or seasonal mean might be useful.
The ORSANCO Water Users Committee (9) suggests that higher FC/TC ratios might indi- From a series of studies (2, 4), it was determined that ratios greater than 4 were indicative of a pollution source primarily of human origin such as domestic wastewater, whereas ratios less than 0.7 suggest the likelihood of the pollution source to be that of waste from warmblooded animals other than humans, i.e., livestock and poultry wastes. Table 5 Table 5 , a cumulative frequency diagram was prepared (Fig. 8) . A review of the figure suggests that the percentage of fecal bacteria originating from animal wastes other than human increased with downstream movements. This increase in occurrence of fecal bacteria from animal wastes is apparent from the values set forth in Table 6 , if the summation of columns 1 and 2 are compared with the summation of columns 4 and 5. It is quite apparent from Table 6 that fecal bacteria in the upper reaches of the Spoon River originated primarily from humans during the period of study; from London Mills downstream, the shift in origin is. toward other animal wastes with a significant change of bacterial origin occurring in the stretch of the stream between Seville and Havana. The data emphasize the importance of defining nonpoint sources of pollution in addition to point sources when assessing the bacterial quality of streams. We draw the following conclusions from our data.
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